To investigate the impact of early schoolbased screening and educational interventions on longerterm outcomes for children at risk for attention-deficit/ hyperactivity disorder (ADHD) and the predictive utility of teacher ratings.
A TTENTION-DEFICIT/HYPERactivity disorder (ADHD) affects about 5% of children, 1 and at least a further 5% have significant difficulties with inattentive, hyperactive, or impulsive behaviors that are just below the threshold of diagnostic criteria. Attentional and hyperactivity problems may persist over time and are a risk factor for additional difficulties, including conduct disorders, peer relationship difficulties, educational problems and underachievement, employment problems, a lack of involvement in social activities, suicidal behaviors, and criminality. [2] [3] [4] [5] [6] [7] [8] These adverse, long-term outcomes provide a strong argument for the early recognition of these children.
In the United Kingdom, less than half of children with ADHD have used specialist health services or been clinically diagnosed, but most parents of children with ADHD have discussed their concerns with teachers. 9 Teachers have daily contact with children and considerable experience about whether behaviors are developmentally appropriate, and they are well-placed to identify children at risk of ADHD. 4, 10, 11 The identification of these children by teachers and/or parents is the crucial first step in receiving appropriate help. Once they are identified by key adults, clinical guidelines in the United Kingdom recommend that children with ADHD should be seen by specialist health services (pediatric or child and adolescent mental health services) to receive a diagnosis of ADHD. 12 Hence, improvements in adult identification and management of affected children could facilitate their access to effective intervention and possibly improve their outcomes. However, it is unclear whether the early identification of children with attentional and hyperactivity problems through screening programs and educational interventions for teachers might improve their outcomes. Screening, in particular, is a controversial area that requires further investigation.
This prospective, longitudinal, epidemiological study reports a 5-year follow-up of a school-based cluster randomized controlled trial of screening and an educational intervention for teachers in relation to children with attentional and hyperactivity problems. 13 Baseline data from teachers were collected when the children were between 4 and 5 years of age. As previously reported, at the 2-year follow-up, the educational intervention led to improvements in behavior as rated by the teacher. 13 The present study has 2 aims. First, for children with teacherrated attentional and hyperactivity problems, we investigated whether participation in a school-based screening and intervention program has longer-term implications in terms of improved parent-rated symptoms and impairment (in particular, whether potential benefits from school-based interventions can be generalized to other settings) and access to specialist health services (pediatrician or child and adolescent mental health services) for mental health or behavioral problems. Second, we examined the longer-term predictive utility of baseline teacher ratings for parent-rated symptoms and impairment and service use.
METHODS

DESIGN
Initial Randomized Controlled Trial
From September 2000, through July 2001, 24 Local Education Authority (LEA) areas in England coordinated the administration of the Performance Indicators in Primary Schools system to track children's academic progress through primary (elementary) school.
14 This represents one-sixth of LEAs (school districts) in England. This data monitoring system has been used in longitudinal, epidemiological research on educational attainment. 4 The first set of assessments takes place at the start and end of the reception year (equivalent to kindergarten) when children are between 4 and 5 years of age. In England, more than 90% of children commence their schooling during this reception year. Data from class teachers, including a validated ADHD rating scale consisting of the 18 Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) (DSM-IV) items, were collected for all children at the end of this reception year. 4, 15 These teacher ratings provided the baseline data for this intervention study. High scoring status was based on DSM-IV criteria and reflected the binary outcome of having 6 or more symptoms relating to 1 of the ADHD subtypes (inattentive, hyperactive/impulsive, or combined). Teachers were not aware of the cutoff scores sufficient for ADHD identification. The sample consisted of 68 711 children in 2040 schools, and 7570 children (11.0%) scored above the cutoff point (described as "high baseline scorers").
When the children were aged 5 (at the start of year 1 in school), all schools were sent a newsletter outlining the study.
Using a 2 ϫ 2 factorial design, schools were randomized to 1 of 4 groups:
1. Identification (feedback to the school) of the names of children with high scores on the ADHD rating scale. A letter to the school stated that these children had high levels of inattention and/or hyperactivity/impulsivity and provided a short description of these types of difficulties.
2. Receiving a book containing information about ADHD and evidence-based teaching advice and classroom management strategies for working with affected children. 16 A letter to the school stated that the book related to working with children in years 1 and 2. This book was written for this study, and its contents were in keeping with findings from metaanalyses. 17, 18 3. Both identification and a book. 4. No-intervention control group.
Hence, a quarter of schools received the names of high scorers, a quarter received the book, a quarter received both, and a quarter received no intervention.
At the 2-year follow-up (when the children were aged 6 to 7 in school year 2), 864 schools provided data on their use of the book, where relevant, and the children's attainment, self-rated attitudes, behavior, and referral to specialist educational services. The full findings have been reported elsewhere. 13 In brief, compared with the control group, the book (effect size,0.26) and combined (0.24) interventions were associated with improved teacher-rated behavior. The book was also associated with more positive attitudes to reading and school. However, the combined intervention was associated with some negative effects involving lower attainment in mathematics and reading.
Present Study
We followed up a sample of children from the randomized schools at the age of 10 to 11 years, using a 2-stage design. This article mainly reports findings from the first stage in which parent ratings and service use information were elicited through mailed questionnaires. Informed consent was obtained from participating parents and approval was received from research ethics committees at Durham and Bristol Universities.
PROCEDURE AND SAMPLING
Selection of LEAs
To obtain similar numbers of pupils from each LEA area, we excluded 4 LEA areas with very few participating schools. Hence, this follow-up study took place in 20 LEA areas that had at least 20 schools participating in the initial intervention. By sampling a similar number of schools across a large number of LEA areas, we aimed to minimize the impact of local differences in service availability and organization on the findings. These areas cover a range of socioeconomic conditions and service models, which aids the generalizability of the findings. Their school attendance rates, academic attainment scores, and identification levels of special education needs are comparable to the rest of England. 19 Within any particular area, children in the intervention and control groups have had access to the same range of health service provision because health care is free at the point of delivery.
Sampling of Schools and Pupils
Our sample size calculation was based on national data that 13% of children with teacher-rated hyperactivity/inattention receive specialist health services 20 and on unequal size groups, reflecting the 3:1 proportions in intervention and control groups. We calculated that a sample of 638 high baseline scorers (on the ADHD rating scale in the reception year) would detect a 2-fold difference in service use between the intervention and control groups (power, 80%). This strategy aims to detect a clinically significant difference at the population level.
We aimed to randomly sample and invite 2000 high and 500 low baseline scorers to account for anticipated school and parent response rates of 80% and 40%, respectively.
Low baseline scorers were sampled to investigate the longterm utility of teacher ratings. Up to 27 schools were randomly sampled in each LEA area. To oversample high baseline scorers and ensure blinding at the school level, only schools with at least 1 high scorer were approached. Hence, each invited school had both high and low baseline scorers. Up to 6 high and 1 low baseline scorers were randomly sampled from each school.
A letter outlining the study and inviting participation was initially sent to 476 schools. If the head teacher declined the invitation, where possible, another school was randomly selected. In total, 549 schools were approached. If a positive response was received from the school, then parents were sent a letter (via the school) outlining the study, inviting their participation, and asking them to complete a questionnaire. Reminder letters were sent to nonresponding schools. If no response was received following this reminder, schools were sent the parent invitation letter and questionnaire and were asked to forward these on. If, following this, no response was received from the school and/or there was no indication that the parent letters had been forwarded, the school was deemed to be nonparticipating. Parents who did not respond to the initial contact were also sent a reminder. 
Measures
Baseline. Sociodemographic measures included child's sex and, as a measure of deprivation, the Underprivileged Area scores for the school postal code, based on national census sociodemographic data. 21 The school intervention status and child high or low baseline scorer status were taken from the initial randomized controlled trial data.
Follow-up.
Parent ratings and service use information were collected through the extended version of the well-validated Strengths and Difficulties Questionnaire (SDQ). [22] [23] [24] We used the SDQ as our main outcome measure instead of the previously used ADHD rating scale because it provides information on hyperactivity/inattention problems (United Kingdom national reference values, http://www.sdqinfo.com), other problems, and service use:
1. Severity of problems: There are 5 items relating to hyperactivity/inattention ("restless, overactive, cannot stay still for long"; "constantly fidgeting or squirming"; "easily distracted, concentration wanders"; "thinks things out before acting"; and "sees tasks through to the end, good attention span") as well as 5 items each on conduct problems, emotional symptoms, peer relationships, and prosocial behavior (all scored 0-10). A total score (range, 0-40) is based on the first 4 subscales. The cutoff score of 7 for hyperactivity/inattention was chosen because it reflects the top 10% of children and is associated with a 32-fold increased probability of having ADHD. 24 This is described as "high SDQ hyperactivity/inattention" in the article.
2. Impairment: The impact measure inquires about distress, home life, friendships, classroom learning, and leisure activities. As an indication of impact at school, we also looked specifically at the presence of "quite a lot" or "a great deal" of classroom learning problems because it has been shown that parents of elementary schoolchildren are able to accurately report the impact of hyperactivity/inattention difficulties at school. 25 3. Service use: We asked about the sources of help used since the reception year in relation to the child's emotions, concentration, or behavior difficulties. 23 For specialist health services, parents were asked whether they had seen someone specializing in child mental health (eg, a child psychologist or psychiatrist) or a physician specializing in children's general health (eg, a pediatrician or school physician). Parental reports about service use obtained from the extended SDQ yield similar information to detailed interviews, and parents have been shown to provide valid reports of specialist health service use when compared against service records.
23,26
The second stage of our follow-up focused on a subsample of 162 high baseline scorers and consisted of interviews with parents of all specialist health service users and a sample of nonusers. Using the Children's Services Interview 26 and checking parents' descriptions against the type and locations of services, we established that 95.1% of interview respondents (154/ 162) had given accurate specialist service use information on the questionnaire.
We also obtained teacher SDQs for the interviewed subsample of high baseline scorers with a response rate of 93.2% (151/162). These data were used to describe the long-term predictive utility of baseline teacher ratings.
Analyses. Responders were initially compared with nonresponders using existing data. The relationships between potential predictive child (sex, intervention group, and high or low baseline scorer status) and school (Underprivileged Area score) factors and outcomes were then investigated using regression methods. The data were analyzed using multilevel modeling (MLwiN statistical software, version 2.02 27, 28 ), which is similar to ordinary multiple regression but adjusts for the hierarchical structure of the data, allowing for the correlation between children within each school (and/or LEA area) and explicitly modeling how observations are grouped within schools (and/or LEA area). We used logistic regression models and expressed predictions as odds ratios. Variability at school and LEA levels were investigated and retained in the models if PϽ.05. Because there was little variability at the LEA level but variability between schools in some models, school was included in every model. Two-way interactions were specified a priori; there were no interactions between sex and outcome variables.
The following analyses were performed:
1. Effects of the intervention: Among the high baseline scorers, we examined whether the intervention was associated with parent-rated SDQ hyperactivity/inattention scores, impairment in classroom learning, or specialist health service use at follow-up.
2. Prediction of later outcomes: High and low baseline scorers were initially compared in terms of their SDQ scores and specialist health service use. In the entire sample, we then examined whether teacher ratings in the reception year predicted which children have high levels of parent-rated SDQ hyperactivity/inattention, impairment in classroom learning, or specialist health service use 5 years later. We adjusted for the intervention group as a design variable by including group in each model. Finally, using multiple imputation with chained equations, we explored whether missing data might have biased our findings. 29 This involves the creation of multiple data sets using baseline data to replace missing outcome values with imputed values. Using the MICE package in R statistical software (version 2.10.0), 30 the regression analysis was repeated on each imputed data set and the results combined.
RESULTS
SCHOOL AND PARENT PARTICIPATION
In total, 332 schools (60.5%) agreed to participate (Figure) . Participation levels across the LEA areas ranged from 45.0% to 88.0%. School participation was not associated with Underprivileged Area score or intervention group. Of 1662 sampled children in the participating schools, 460 (27.7%) had left the schools. Questionnaires were sent to the parents of the remaining children, of whom 40.7% responded (489/1202). The participants came from 308 schools. Participants were more likely than nonrespondents and children who moved away to be low baseline scorers ( 2 =8.78; P=.01) and attending schools in less deprived areas (F=5.01; P=.007). However, among high baseline scorers, participation rates were not associated with sex or the type of intervention received. The main analyses were restricted to 487 children (378 high baseline [77.6%] and 109 low baseline [22.4%] scorers); 1 child each from 2 pairs of siblings was randomly omitted to reduce family clustering.
EFFECT OF INTERVENTION
The 4 intervention groups of high baseline scorers were similar at baseline in terms of child sex ( 2 =4.23; P=.24), total number of symptoms on the ADHD rating scale (F = 0.78; P = .50), and school-level Underprivileged Area score (F=0.55; P=.65). On bivariate analyses, more children who had received the identification-only or book-only intervention had high SDQ hyperactivity/ inattention scores at follow-up than did the combined and no-intervention groups. There was a similar pattern for classroom learning difficulties ( Table 1) .
After adjusting for sex and school-level variability, children in schools receiving the identification-only intervention were nearly twice as likely to have high SDQ hyperactivity/inattention scores at follow-up compared with the control group ( Table 2) . There were no associations between the interventions and classroom learning or service use.
PREDICTIVE UTILITY OF TEACHER RATINGS FROM THE RECEPTION YEAR
These analyses provide information about the longterm outcomes of children rated by teachers as being hyperactive or inattentive between the ages of 4 and 5. High baseline scorers were more likely than low baseline scor- , and to have a range of difficulties on the SDQ at follow-up, with the greatest effect size for hyperactivity/ inattention scores ( Table 3) . In terms of the SDQ hyperactivity/inattention cutoff points, 40% of high baseline scorers had high parent-rated hyperactivity/ inattention scores at the 5-year follow-up (compared with 12% of low baseline scorers). Table 4 shows the mean teacher SDQ scores weighted to reflect the proportions of service users and nonusers in the subsample of high baseline scorers whose parents were interviewed. Their hyperactivity/inattention, conduct problems, and total difficulties scores were higher than United Kingdom national reference values for 5-to 10-year-olds (http://www.sdqinfo.com).
The long-term prediction from baseline teacher ratings in the entire follow-up sample (N = 487) was not attenuated by any effect of intervention group. Baseline teacher ratings in the reception year and male sex predicted high SDQ hyperactivity/inattention scores, classroom learning difficulties, and specialist service use at follow-up ( Table 5) . In this larger sample, children who received the identification-only intervention were more than twice as likely to have high SDQ hyperactivity/inattention scores at follow-up compared with the control group, even after adjusting for sex and baseline hyperactivity. The association was of similar magnitude in the imputed analysis (odds Abbreviation: SDQ, Strengths and Difficulties Questionnaire. a n = 377 (Reflects missing data for 1 participant in all scales except emotional problems). 
COMMENT
Teacher ratings for children between ages 4 and 5 years predicted later high hyperactivity/inattention scores, classroom learning problems, and specialist service use, suggesting that these difficulties persist over time. Teachers are well placed to identify children with hyperactivity/ inattention difficulties at a young age. These difficulties have long-term implications in terms of worse outcomes in home and school settings. At an individual level, although 60% of high baseline scorers no longer reached the cutoff point for high parent-rated hyperactivity/ inattention scores 5 years later, their persisting high scores on the teacher SDQs suggest that many of these children continued to have some difficulties at school. [4] [5] [6] 8 We found no evidence that a one-off school-based intervention involving screening and feedback of names of high baseline scorers has long-term generalizable benefits. In keeping with other studies investigating the impact of school-based interventions, any earlier positive effects were not sustained over time. 31 Possible reasons include the length of time elapsed since the educational intervention was delivered, variable use of interventions at the time, and methodological differences with the follow-up study involving selection of LEA areas, smaller sample size, and different raters and measures. Predictors of high hyperactivity/inattention scores at follow-up included high scoring status at baseline, male sex, and receipt of the identification intervention. Among the high baseline scorers, children receiving the identification-only intervention had the highest rates of hyperactivity/inattention at follow-up. These findings were unexpected and may reflect a chance finding. A careful assessment was made for the possibility that selection bias influenced our results. Evidence that this possibility is unlikely is that, among high baseline scorers, intervention group and child sex were not associated with likelihood of response. Deprivation scores were associated with response in the bookandidentification group only. There were similar results from the regression analyses using unimputed and imputed data suggesting that the response rate was not biasing the findings. Although it is possible that parents were more sensitized to noticing and reporting problems at follow-up, the findings do not appear to reflect possible inflation of parent and teacher ratings. The SDQ hyperactivity/inattention scores (both parent and teacher) in the 2 groups receiving the identification intervention were similar to the 2 groups who did not receive this intervention. Identification seemed to be harmful in this follow-up study and harmful when combined with advice in the first study. 13 However, it would be prudent to await confirmation from further studies before concluding that the relationship is well established.
THE ROLE OF LABELING
The findings from both follow-up studies of this cohort suggest that, after screening, children who have been identified to schools as having difficulties appear to have an increased risk of worse outcomes compared with control children with similar levels of difficulties. This might reflect the possible adverse effects of labeling, whereby identifying children as at risk at a young age might lead to adults, such as teachers, dealing with them differently. The effects may be similar to other types of labeling, such as children regarded as having learning or neurodevelopmental difficulties, and may become perpetuated over time, resulting in lower adult expectations for the child and reduced access to opportunities. 32 For many children, there may also be mislabeling, with the identified attentional and hyperactivity problems mimicking or overshadowing other learning or behavioral difficulties that might be better addressed in their own right. However, our study does not illuminate how teachers assimilated the identification information and how this was used or possibly shared with parents.
METHODOLOGICAL ISSUES
In considering the findings, the rationale for 3 methodological differences between the original trial and this follow-up is highlighted. First, to enable a focus on specialist service use, we used slightly fewer LEA areas, with each LEA area providing a sufficient number of participating schools. Within each LEA area, we sampled schools to investigate the outcomes of high baseline scorers. Second, we focused on parent-rated outcomes because parents are the main drivers for help-seeking, 9 and possible improvements in outcomes might have been mediated by specialist service use and access to interventions for ADHD. We were also uncertain how well schools would cooperate with the follow-up study if individual teachers were asked to complete several questionnaires (compared with parents completing 1 questionnaire). We did not want to overly burden schools with data collection. Any outcome data had to be obtained from an informant who differed from the intervention participant (year 1 teacher). We were able to collect some teacher SDQ information from a nested study focusing on a wider range of predictors of service use. For the present investigation, these are only used to provide information on the long-term prediction of teacher ratings (not for the outcomes of the interventions). Third, we chose the SDQ as our main outcome measure because this also provides information about other domains of mental health. The SDQ has been used as an outcome measure in other trials of early interventions for childhood behavior problems. 33 For the purpose of our study, the extended SDQ also provides more comprehensive information on service use over a period of time compared with asking a teacher who might have only known the child well for less than a year.
The original trial reflected a large and representative study of schools in England and provided access to a large cohort of 4-to 5-year-old children. It took advantage of routinely collected data using a validated behavioral measure that relates to the DSM-IV. The cluster randomized design enabled the investigation of 2 different interventions and the interaction effect between them. Strengths of this follow-up study include participant recruitment from a nationally representative range of schools. Multilevel mod-eling was used to account for possible clustering at the LEA and school levels. Our approach of focusing on high scorers at follow-up was in keeping with the approach at baseline. In the subsample with teacher SDQs, parent and teacher hyperactivity scores were moderately correlated (Pearson correlation coefficient: r=0.38; PϽ.001), suggesting some level of agreement across raters. When assessed using cutoff points, there was little evidence for discordance (P=.05, McNemar test; if the parent score was high, the positive predictive value for a high teacher score was 56%; conversely, the negative predictive value for a low teacher score was 79%). Furthermore, these ratings were provided by different teachers who may not have been aware of the earlier interventions.
A key limitation of the original trial is that fidelity to the intervention and the level of implementation are unclear. It is uncertain how extensively the interventions were used within schools. The outcome data at both phases of these follow-up studies were not provided by the teacher (in year 1) who was most directly involved in the intervention. Earlier data suggest that around 18% of year 2 teachers reported that they had used the book. Equivalent data for the identification intervention were not collected. Hence, it is not certain how the information was used or whether it was shared with other teachers or parents. It is possible that the information could have been passed to the school's special educational needs coordinator who has a broader coordinating role throughout the child's schooling. Given these uncertainties, we conducted analyses that were in keeping with the initial follow-up and are appropriate for an intention-to-treat approach. These analyses assume that the child was assigned the intervention to which the school was randomized. If the worse outcomes associated with identification are a real effect, we might have underestimated its magnitude. If all identification information was ignored at the school level, similar outcomes to the nointervention group might be expected, particularly given that the groups were similar at baseline in terms of symptom severity, sex, and sociodemographic data.
In terms of other limitations, there were high levels of sample attrition at the school and parental level, although participation was not associated with the type of intervention received. Our sample size calculation was based on existing service use data, and we found that specialist service use by our sample exceeded the expected levels, which may reflect a response bias, with service users being more likely to respond because the study was of greater relevance to them. There is also a possibility of recall bias in retrospectively eliciting service use information from parents.
CLINICAL AND POLICY IMPLICATIONS
Our findings suggest that teachers are in a position to identify children with attention or hyperactivity problems at a young age and that these difficulties have long-term implications across domains. This study reflects possible outcomes following the introduction of a universal schoolbased screening program for symptoms of ADHD. Based on the findings of this follow-up and the earlier follow-up investigating educational outcomes, we found no evidence to support universal screening for ADHD problems in primary schools. This is in keeping with United Kingdom policy recommendations. 12 Our findings suggest that solely identifying a child as having features of ADHD and then providing no input to the child or teacher risks the possibility of a worse long-term outcome than doing nothing. If individual schools choose to adopt universal screening approaches, the next step should be a more detailed assessment that considers broader issues including possible associated learning difficulties or comorbid mental health problems because these difficulties might carry the long-term risk. In terms of future research, a range of intervention approaches need to be tested. Targeted intervention approaches may only be of benefit if combined with individualized management strategies 34 and may most benefit children when there is already parent or teacher concern about their difficulties or behavior. 
Role of the Sponsors:
The funders did not participate in the design and conduct of the study; collection, management, analysis, and interpretation of the data; or preparation, review, or approval of the manuscript. Additional Contributions: Francis Ndaji, PhD, assisted with data preparation. We thank the participating parents and schools.
